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(57) ABSTRACT

Switching between highlighting and unhighlighting of an
object determined as adopted and switching between high-
lighting and unhighlighting of an object determined as not
adopted are performed individually and independently by
manipulation of an on/off selectable button. This allows
switching to be freely performed between the following states
in which: objects are highlighted regardless of whether the
objects are adopted or not; only an object determined as
adopted is highlighted; only an object determined as not
adopted is highlighted; and objects are not highlighted
regardless of whether the objects are adopted or not. A user
visually judges whether the result of the adoption/non-adop-
tion process is proper or not easily while switching between
these displays.

12 Claims, 9 Drawing Sheets
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APPARATUS FOR PHYSICS AND
CHEMISTRY AND METHOD OF
PROCESSING IMAGE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for physics
and chemistry which processes an image obtained by photo-
graphing cells, and a method of processing the image.

2. Description of the Background Art

A screening which narrows down compounds serving as
candidates for medical and pharmaceutical products is per-
formed in the course of research and development of the
medical and pharmaceutical products. An example of the
screening includes: preparing a plurality of culture solutions
into which biological cells are put; adding compounds to the
culture solutions while changing various conditions to culti-
vate the cells; and narrowing down the compounds serving as
candidates for medical and pharmaceutical products, based
on the culture states of the cells.

In such a screening, a reagent has been hitherto used for the
assessment of the culture states of the cells. Specifically, a
reagent is applied to the cells to cause the fluorescence reac-
tion of specific molecules in the cells. The culture states of the
cells are judged by measuring the fluorescence intensity of
the specific molecules in the cells. This method, however, has
required the costly reagent, and also has required much time
for the fluorescence reaction. In addition, this method has not
been capable of observing changes in the same cell with time
because the reagent destroys cell walls.

In recent years, three-dimensional culture such that cells
are cultivated in three dimensions has been performed to
investigate the effects of medical and pharmaceutical prod-
ucts in an environment closer to that in a living body. An
important object to be observed in such three-dimensional
culture is the state of spheroids which are three-dimension-
ally aggregated cell clumps. The aforementioned method of
measuring the fluorescence is not suitable for the observation
of the cell clumps.

For these reasons, an attempt has been made in recent years
to develop an apparatus for observing the culture states of
cells by photographing the cells at a high resolution without
using any reagent. This apparatus photographs a well plate
having a plurality of depressions or wells for culture at pre-
determined time intervals to clip images of each of the wells
from the resultant photographed images. The clipped images
are displayed on a display device, and are compared and
analyzed, whereby the culture states of the cells in each well
are assessed.

Conventional apparatuses for displaying the images of
cells are disclosed, for example, in Japanese Patent Applica-
tion Laid-Open No. 2010-151647 and in Japanese Patent
Application Laid-Open No. 2011-64602.

The operation of assessing the culture states of the cells
from the obtained images is performed by human visual judg-
ment in principle. However, burdens on the human visual
judgment are reduced if classification is made to some extent
by using software in such an apparatus. Thus, the develop-
ment of the technique of extracting objects presumed to be
cells from images to classify the extracted objects as adopted
or as not adopted has been advanced in recent years.

For classifying the objects as adopted or as not adopted,
parameters such as the area and density of the objects in the
images are measured. Then, each of the objects is classified as
adopted or as not adopted, based on whether the measurement
value for each object is within an allowable range or not.
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Appropriate setting of the allowable ranges of the parameters
is important to increase the accuracy of the judgment as
adopted or as not adopted using software.

A large number of parameters, however, are used for the
judgment of the objects as adopted or as not adopted. It is a
difficult operation for a user unskilled in image processing to
appropriately adjust the allowable ranges of such a large
number of parameters while viewing the results of judgment
of the objects as adopted or as not adopted which are dis-
played on a screen. For this reason, there is a need for a
technique capable of classifying objects as adopted or as not
adopted and thereafter displaying the objects classified as
adopted and the objects classified as not adopted in an easily
distinguishable manner.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
an apparatus for physics and chemistry and a method of
processing an image which are capable of individually and
independently performing switching between highlighting
and unhighlighting of objects classified as adopted and
switching between highlighting and unhighlighting of
objects classified as not adopted.

A first aspect of the present invention is intended for an
apparatus for physics and chemistry which processes an
image obtained by photographing cells. The apparatus com-
prises: an extraction part for extracting a plurality of objects
from the image; an adoption/non-adoption processing part for
classifying the objects as adopted or as not adopted in accor-
dance with a predetermined condition; and a display part for
displaying a result of the adoption/non-adoption process, the
display part including a first switching part for switching
between highlighting and unhighlighting of an object deter-
mined as adopted in the image, and a second switching part
for switching between highlighting and unhighlighting of an
object determined as not adopted in the image, the first
switching part and the second switching part switching
between highlighting and unhighlighting of objects indepen-
dently of each other.

A second aspect of the present invention is intended for an
image processing method for processing an image obtained
by photographing cells. The image processing method com-
prises the steps of: a) extracting a plurality of objects from the
image; b) classifying the objects as adopted or as not adopted
in accordance with a predetermined condition; and ¢) display-
ing a result of the adoption/non-adoption process, wherein
switching between highlighting and unhighlighting of an
object determined as adopted and switching between high-
lighting and unhighlighting of an object determined as not
adopted are performed independently of each other by
manipulation of an on/off selectable button in the step c).

According to the first and second aspects of the present
invention, switching between highlighting and unhighlight-
ing of an object determined as adopted and switching
between highlighting and unhighlighting of an object deter-
mined as not adopted are performed individually and inde-
pendently. Specifically, this allows switching to be freely
performed between the following states in which: objects are
highlighted regardless of whether the objects are adopted or
not; only an object determined as adopted is highlighted; only
an object determined as not adopted is highlighted; and
objects are not highlighted regardless of whether the objects
are adopted or not. A user visually judges whether the result
of the adoption/non-adoption process is proper or not easily
while switching between these displays.
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These and other objects, features, aspects and advantages
of the present invention will become more apparent from the
following detailed description of the present invention when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing an example of a well
plate.

FIG. 2 is aview conceptually showing a configuration of an
image acquisition apparatus.

FIG. 3 is a flow diagram showing a procedure of image
processing.

FIG. 4 is a view showing an example of an image process-
ing window.

FIG. 5 is a view showing an image display region, three
toggle buttons, a select all button, and a clear all button.

FIG. 6 is a view showing the image display region, the three
toggle buttons, the select all button, and the clear all button.

FIG.7is a view showing the image display region, the three
toggle buttons, the select all button, and the clear all button.

FIG. 81s a view showing the image display region, the three
toggle buttons, the select all button, and the clear all button.

FIG.9is a view showing the image display region, the three
toggle buttons, the select all button, and the clear all button.

FIG. 10 is a view showing the image display region, the
three toggle buttons, the select all button, and the clear all
button.

FIG. 11 is a view showing the image display region, the
three toggle buttons, the select all button, and the clear all
button.

FIG. 12 is a view showing the image display region, the
three toggle buttons, the select all button, and the clear all
button.

FIG. 13 is a view showing the image display region, the
three toggle buttons, the select all button, and the clear all
button.

FIG. 14 is a view showing the image display region, the
three toggle buttons, the select all button, and the clear all
button.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A preferred embodiment according to the present invention
will now be described with reference to the drawings.

<1. Configuration of Image Acquisition Apparatus>

FIG. 1 is a perspective view showing an example of a well
plate 9 to be set in an image acquisition apparatus 1. The well
plate 9 is a generally plate-shaped specimen container having
a plurality of depressions or wells 91. An example of the
material of the well plate 9 used herein includes a transparent
resin which allows light to pass therethrough. As shown in
FIG. 1, the wells 91 are arranged regularly in the upper
surface of the well plate 9. Biological cells 93 to be observed
are held with a culture solution 92 in each of the wells 91.
Compounds with different concentrations and different com-
positions are added to the culture solution 92 in the wells 91,
respectively.

FIG. 2 is a view conceptually showing a configuration of
the image acquisition apparatus 1 according to the embodi-
ment of the present invention. This image acquisition appa-
ratus 1 is an apparatus for physics and chemistry which pro-
cesses image data obtained by photographing the well plate 9.
The image acquisition apparatus 1 is used, for example, for a
screening step for narrowing down compounds serving as
candidates for medical and pharmaceutical products in the
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field of research and development of the medical and phar-
maceutical products. An operator for the screening step uses
the image acquisition apparatus 1 to acquire image data about
the well plate 9. Then, the operator compares and analyzes the
culture states of the cells 93 in the wells 91, based on the
acquired image data, to verify the effects of the compounds
added to the culture solution 92.

As shown in FIG. 2, the image acquisition apparatus 1
according to the present embodiment includes a plate holder
10, a light emitting part 20, an imaging part 30, a display
device 40, an input device 50 and a computer 60. The plate
holder 10, the light emitting part 20, the imaging part 30, the
display device 40 and the input device 50 are electrically
connected to the computer 60.

The plate holder 10 is a table for holding the well plate 9
thereon. The well plate 9 in a horizontal attitude with the
bottom thereof downside is set on the plate holder 10. The
plate holder 10 includes a drive mechanism not shown for
moving the well plate 9 laterally. The drive mechanism
includes, for example, a motor, and a power transmission
mechanism such as a ball screw for transmitting the driving
force of the motor. When the drive mechanism is brought into
operation, the well plate 9 moves relative to the imaging part
30, so that the wells 91 come into the field of view of the
imaging part 30 in sequential order.

The light emitting part 20 and the imaging part 30 are
disposed respectively over and under the well plate 9 held on
the plate holder 10. The imaging part 30 is implemented, for
example, by a line sensor or an area sensor which includes an
optical system such as a lens, and an imaging device such as
CCD and CMOS imaging devices. For the photographing of
the well plate 9, while white light is directed from the light
emitting part 20 toward part of the well plate 9, the imaging
part 30 photographs that part of the well plate 9. Then, the
well plate 9 is moved laterally, and is photographed in a
similar manner repeatedly. As a result, photographed image
data D1 about the entire well plate 9 is acquired.

The light emitting part 20 may be any device which directs
light toward the well plate 9. The light emitting part 20 may
have a light source disposed in a position deviated from over
the well plate 9, and configured to direct light therefrom
through an optical system such as a mirror onto the well plate
9. Also, the light emitting part 20 may be disposed under the
well plate 9, whereas the imaging part 30 be disposed over the
well plate 9. Further, the light emitting part 20 may be con-
figured to cause light reflected from the well plate 9 to enter
the imaging part 30.

The display device 40 is a section for displaying various
pieces of information related to image processing in the
image acquisition apparatus 1. The display device 40 displays
an image processing window 41 and the like which will be
described later. A liquid crystal display, for example, is used
as the display device 40. The input device 50 is a section for
inputting various commands to the computer 60. A keyboard
and a mouse, for example, are used as the input device 50. A
user of the image acquisition apparatus 1 may manipulate the
input device 50 to input various commands to the computer 60
while viewing the display device 40.

Both the functions of the display device 40 and the func-
tions of the input device 50 may be implemented by a single
device such as a touch panel display device.

The computer 60 functions both as a controller for control-
ling the operations of the aforementioned parts of the image
acquisition apparatus 1 and as an image processor for classi-
fying a plurality of objects in the acquired image data as
adopted or as not adopted. The computer 60 includes a CPU
and a memory. The CPU operates in accordance with previ-
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ously set computer programs, input signals and various data,
whereby the computer 60 controls the operations of the afore-
mentioned drive mechanism, the light emitting part 20 and the
imaging part 30. Thus, the photographing of the well plate 9
is performed in the image acquisition apparatus 1.

As conceptually shown in FIG. 2, the computer 60 accord-
ing to the present embodiment includes a storage part 61, an
image clipping part 62, an object extraction part 63, an adop-
tion/non-adoption processing part 64, a display output part 65
and an input instruction part 66. The CPU in the computer 60
performs computation processes while referencing computer
programs stored in the storage part 61, whereby the functions
of'the image clipping part 62, the object extraction part 63, the
adoption/non-adoption processing part 64, the display output
part 65 and the input instruction part 66 are implemented.

The storage part 61 is a section for storing therein various
data to be handled in the image acquisition apparatus 1. The
storage part 61 is implemented by a storage device including
a hard disk drive, a RAM and the like, for example. The
storage part 61 may be part of hardware constituting the
computer 60, as shown in FIG. 2, or be an external storage
device connected to the computer 60.

As shown in FIG. 2, an object extraction program P1, an
adoption/non-adoption processing program P2 and a param-
eter file F1 for use in image processing to be described later
are stored in the storage part 61 according to the present
embodiment. The object extraction program P1 and the adop-
tion/non-adoption processing program P2 are read from a
computer-readable storage medium including a CD, a DVD
and the like, for example, and are stored in the storage part 65.
The parameter file F1 includes a first allowable range R1 and
a second allowable range R2 of each parameter for reference
during the execution of the adoption/non-adoption process-
ing program P2 which are held therein as rewritable data.

<2. Image Processing>

<2-1. Clipping of Image to Display of Window>

FIG. 3 is a flow diagram showing a procedure of the image
processing executed in the image acquisition apparatus 1 after
the acquisition of the photographed image data D1. The com-
puter 60 operates the image clipping part 62, the object
extraction part 63, the adoption/non-adoption processing part
64, the display output part 65 and the input instruction part 66
while referencing input signals from the input device 50, the
object extraction program P1, the adoption/non-adoption
processing program P2 and the parameter file F1, whereby the
image processing shown in FIG. 3 is executed. The procedure
of the image processing will be described with reference to
FIG. 2 and the flow diagram of FIG. 3.

Upon being acquired in the imaging part 30, the photo-
graphed image data D1 is inputted to the image clipping part
62 in the computer 60. The image clipping part 62 clips image
data about each of the wells 91 from the photographed image
data D1 (in Step S1). The image data about each of the wells
91 is referred to as “well image data D2” hereinafter. Each
well image data D2 includes an image of a cell clump that is
a group of three-dimensionally aggregated cells 93.

Next, the display output part 65 causes the display device
40 to display the image processing window 41 serving as a
user interface. FIG. 4 is a view showing an example of the
image processing window 41. In the example of FIG. 4, three
image display regions Al to A3 are disposed within the image
processing window 41. One of the plurality of well image data
D2 clipped in Step S1 is displayed in the uppermost image
display region A1 (in Step S2).

In the example of FIG. 4, an object extraction button B1
and an adoption/non-adoption processing button B2 are dis-
posed within the image processing window 41. The object
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6

extraction button B1 and the adoption/non-adoption process-
ing button B2 are buttons for operating the object extraction
part 63 and the adoption/non-adoption processing part 64,
respectively, which are described above. The user of the
image acquisition apparatus 1 may manipulate the input
device 50 to individually and independently select these two
buttons B1 and B2. In other words, the user may individually
and independently cause the operation of the object extrac-
tion part 63 and the operation of the adoption/non-adoption
processing part 64.

In the example of FIG. 4, a parameter setting part A4 for
setting the second allowable range R2 of each parameter is
disposed under the adoption/non-adoption processing button
B2. In the parameter setting part A4, the upper limits and the
lower limits of the respective parameters (in the example of
FIG. 4, the following parameters: “area (diameter)”, “den-
sity”, “pseudo volume” and “circularity”) are indicated by the
positions of pointers on linear gauges. The upper limit and the
lower limit of each of the parameters displayed in the param-
eter setting part A4 are based on the second allowable range
R2 of each of the parameters read from the parameter file F1.
The user ofthe image acquisition apparatus 1 may manipulate
the input device 50 to slide each of the pointers leftwardly and
rightwardly, thereby changing the upper limit and the lower
limit of the second allowable range R2 of each of the param-
eters.

The parameter setting part A4 need not be displayed in the
form of the linear gauges as shown in FIG. 4. For example, the
upper limit and the lower limit of the second allowable range
R2 may be displayed in text boxes, so that the user makes
entries in the text boxes to change the upper limit and the
lower limit of the second allowable range R2.

<2-2. Extraction of Objects>

After the image processing window 41 appears, the user of
the image acquisition apparatus 1 initially manipulates the
input device 50 to select the object extraction button Bl
within the image processing window 41. In response to this,
the object extraction part 63 performs the process of extract-
ing a plurality of objects 930 from the well image data D2 (in
Step S3).

The process of extracting the objects 930 is performed, for
example, by extracting pixels having pixel level values falling
within a previously set range from the well image data D2.
The upper limit of the pixel level value for use in the extrac-
tion of the objects 930 may be, for example, a value obtained
by multiplying the inputted upper limit of the pixel level value
by a predetermined coefficient (e.g., 0.8). The lower limit of
the pixel level value for use in the extraction of the objects 930
may be, for example, a value obtained by multiplying the
inputted lower limit of the pixel level value by a predeter-
mined coefficient (e.g., 1.2). The upper limit and the lower
limit for use in the extraction of the objects 930 may be
changed by making entries, depending on whether the result
of extraction is appropriate or not.

The well image data D2 after the object extraction is dis-
played in the middle image display region A2 within the
image processing window 41. For example, only the
extracted objects are displayed in solid lines, as shown in FIG.
4.

The object extraction part 63 measures a plurality of types
of parameters for each of the extracted objects 930. The
parameters, i.e. area (diameter), density, pseudo volume and
circularity, are measured by image processing in the present
embodiment. For area, the diameter of a circle closely resem-
bling an object may be used as a substitute for the area thereof.
For pseudo volume, the density of each of the pixels consti-
tuting an object may be used as a substitute for the height
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thereof, and the total value of the density of the respective
pixels may be defined as the pseudo volume of a cell pre-
sumed from the object.

<2-3. Adoption/Non-Adoption Process>

Next, the user of the image acquisition apparatus 1 manipu-
lates the input device 50 to select the adoption/non-adoption
processing button B2 within the image processing window
41. In response to this, the adoption/non-adoption processing
part 64 performs an adoption/non-adoption process for clas-
sifying the plurality of objects 930 included in the well image
data D2 into three categories “adopted”, “not adopted” and
“excluded from adoption/non-adoption” (in Step S4). In the
present embodiment, an object 930a presumed to be a living
cell is determined as “adopted”, an object 9305 presumed to
be a dead cell is determined as “not adopted”, and an object
930c¢ presumed to be a foreign object other than a cell oran air
bubble is determined as “excluded from adoption/non-adop-
tion” which is the third category, in accordance with a prede-
termined condition.

The process in Step S4 will be described in detail. First, the
adoption/non-adoption processing part 64 reads the first
allowable range R1 of each parameter from the parameter file
F1 stored in the storage part 61. Then, the measurement
values of the respective parameters for an object 930
extracted from the well image data D2 are checked in sequen-
tial order. When at least one of the parameters is not within the
first allowable range R1, this object 930¢ is determined as
“excluded from adoption/non-adoption”. When all of the
parameters for the object 930 are within the respective first
allowable ranges R1, this object 930 is determined as “to be
subjected to adoption/non-adoption”.

Next, the adoption/non-adoption processing part 64 reads
the second allowable range R2 of each parameter from the
parameter file F1 stored in the storage part 61. Then, the
measurement values of the respective parameters for the
object 930 determined as “to be subjected to adoption/non-
adoption” are checked in sequential order. When at least one
of'the parameters is not within the second allowable range R2,
this object 930 is determined as b “not adopted”. When all of
the parameters for the object 930 are within the respective
allowable ranges, this object 930a is determined as
“adopted”.

<2-4. Display of Adoption/Non-Adoption Result to Pro-
cess of Making Adoption/Non-Adoption Result Proper>

After the completion of the adoption/non-adoption pro-
cess, the display output part 65 displays the result of the
adoption/non-adoption process for each of the objects 930 in
the lower image display region A3 within the image process-
ing window 41 (in Step S5). In the image display region A3,
some or all of the objects 930 in the well image data D2 can
be highlighted with colored outlines. For example, only the
object 930a determined as “adopted” in the adoption/non-
adoption process can be highlighted with colored outlines.
This allows visual discrimination between the objects 930
being highlighted and the objects 930 not being highlighted.

The highlighting is achieved, for example, by producing a
closed curve along the outline of an object 930 and displaying
the closed curve superimposed on the object 930. Emphasiz-
ing the outline of the object 930 in this manner makes it easy
to visually recognize the size and shape of the object. Thus,
whether the result of the adoption/non-adoption process is
proper or not is more easily judged in Step S7 to be described
later.

As showninFIG. 4, afirst toggle button T1, a second toggle
button T2 and a third toggle button T3 are disposed near the
image display region A3 of the image processing window 41.
The user of the image acquisition apparatus 1 manipulates the
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input device 50 to select these toggle buttons T1 to T3,
thereby individually and independently toggling each of the
toggle buttons T1 to T3 on and off.

The first toggle button T1 is a button for switching between
highlighting and unhighlighting of the objects 930a deter-
mined as “adopted” in Step S4. When the first toggle button
T1 is toggled on, the objects 930a determined as “adopted”
are highlighted with colored outlines in the image display
region A3. When the first toggle button T1 is toggled off, on
the other hand, the highlighting of the objects 930a deter-
mined as “adopted” is cleared. That is, the first toggle button
T1 constitutes a first switching part in the present embodi-
ment.

The second toggle button T2 is a button for switching
between highlighting and unhighlighting of the objects 9305
determined as “not adopted” in Step S4. When the second
toggle button T2 is toggled on, the objects 9305 determined as
“not adopted” are highlighted with colored outlines in the
image display region A3. When the second toggle button T2
is toggled off, on the other hand, the highlighting of the
objects 9305 determined as “not adopted” is cleared. That is,
the second toggle button T2 constitutes a second switching
part in the present embodiment.

The third toggle button T3 is a button for switching
between highlighting and unhighlighting of the objects 930¢
determined as “excluded from adoption/non-adoption” in
Step S4. When the third toggle button T3 is toggled on, the
objects 930c determined as “excluded from adoption/non-
adoption” are highlighted with colored outlines in the image
display region A3. When the third toggle button T3 is toggled
off, on the other hand, the highlighting of the objects 930c¢
determined as “excluded from adoption/non-adoption” is
cleared. That is, the third toggle button T3 constitutes a third
switching part in the present embodiment.

As mentioned above, the first toggle button T1, the second
toggle button T2 and the third toggle button T3 are individu-
ally and independently toggled on and off. Thus, the user of
the image acquisition apparatus 1 is able to individually and
independently switch between highlighting and unhighlight-
ing of the objects 930 determined as “adopted”, “not adopted”
and “excluded from adoption/non-adoption” in the well
image data D2 displayed in the image display region A3.

FIGS. 5 to 14 are views showing examples of the image
display region A3, the three toggle buttons T1 to T3, a select
all button B3 to be described later, and a clear all button B4 to
be described later in various manipulating states.

As shown in FIG. 5, the objects 930a determined as
“adopted”, the objects 9305 determined as “not adopted” and
the objects 930¢ determined as “excluded from adoption/non-
adoption” are highlighted with colored outlines, when the
first toggle button T1 is on, the second toggle button T2 is on
and the third toggle button T3 is on. That is, all of the objects
930 in the well image data D2 are highlighted.

As shown in FIG. 6, the objects 930a determined as
“adopted” and the objects 9305 determined as “not adopted”
are highlighted with colored outlines, when the first toggle
button T1 is on, the second toggle button T2 is on and the third
toggle button T3 is off. That is, the objects 930 presumed to be
cells are highlighted with colored outlines regardless of
whether the objects 930 are adopted or not. The highlighting
of only the objects 930¢ determined as “excluded from adop-
tion/non-adoption” is cleared.

As shown in FIG. 7, the objects 930a determined as
“adopted” and the objects 930¢ determined as “excluded
from adoption/non-adoption” are highlighted with colored
outlines, when the first toggle button T1 is on, the second
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toggle button T2 is off and the third toggle button T3 is on.
The highlighting of only the objects 9305 determined as “not
adopted” is cleared.

As shown in FIG. 8, the objects 9305 determined as “not
adopted” and the objects 930c¢ determined as “excluded from
adoption/non-adoption” are highlighted with colored out-
lines, when the first toggle button T1 is off, the second toggle
button T2 is on and the third toggle button T3 is on. The
highlighting of only the objects 930a determined as
“adopted” is cleared.

As shown in FIG. 9, only the objects 930a determined as
“adopted” are highlighted with colored outlines, when the
first toggle button T1 is on, the second toggle button T2 is off
and the third toggle button T3 is off. The highlighting of the
objects 9305 determined as “not adopted” and the objects
930c¢ determined as “excluded from adoption/non-adoption”
is cleared.

As shown in FIG. 10, only the objects 9305 determined as
“not adopted” are highlighted with colored outlines, when the
first toggle button T1 is off, the second toggle button T2 is on
and the third toggle button T3 is off. The highlighting of the
objects 930a determined as “adopted” and the objects 930¢
determined as “excluded from adoption/non-adoption” is
cleared.

As shown in FIG. 11, only the objects 930c¢ determined as
“excluded from adoption/non-adoption” are highlighted with
colored outlines, when the first toggle button T1 is off, the
second toggle button T2 is off and the third toggle button T3
is on. The highlighting of the objects 930a determined as
“adopted” and the objects 9305 determined as “not adopted”
is cleared. That is, the highlighting of the objects 930 pre-
sumed to be cells is cleared regardless of whether the objects
930 are adopted or not.

As shown in FIG. 12, the highlighting of the objects 930a
determined as “adopted”, the objects 9305 determined as “not
adopted” and the objects 930c¢ determined as “excluded from
adoption/non-adoption” is cleared, when the first toggle but-
ton T1 is off, the second toggle button T2 is off and the third
toggle button T3 is off. That is, the highlighting of all of the
objects 930 in the well image data D2 is cleared.

As shown in FIGS. 4 to 14, the select all button B3 and the
clear all button B4 are disposed next to the three toggle
buttons T1 to T3 in the image processing window 41 in the
present embodiment. As shown in FIG. 13, all of the first
toggle button T1, the second toggle button T2 and the third
toggle button T3 are on, when the select all button B3 is on.
Thus, all of the objects 930 displayed in the image display
region A3 are highlighted. By the use of the select all button
B3, all of the objects 930 are highlighted easily with a smaller
number of manipulations.

As shown in FIG. 14, all of the first toggle button T1, the
second toggle button T2 and the third toggle button T3 are off,
when the clear all button B4 is on. Thus, the highlighting of all
of'the objects 930 displayed in the image display region A3 is
cleared. By the use of the clear all button B4, the highlighting
of all of the objects 930 is cleared easily with a smaller
number of manipulations.

The user of the image acquisition apparatus 1 manipulates
the first toggle button T1, the second toggle button T2, the
third toggle button T3, the select all button B3 and the clear all
button B4 to freely perform switching between the states of
FIGS. 5 to 14 (in Step S6). While viewing these screens
displayed on the display device 40, the user of the image
acquisition apparatus 1 judges whether the result of the adop-
tion/non-adoption process in Step S4 is proper or not (in Step
S7).
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In Step S7, whether there is an object whose category is
desired to change between “adopted”, “not adopted” and
“excluded from adoption/non-adoption” among the plurality
of'objects 930 displayed in the image display region A3 ornot
is judged. When there is an object whose category is desired
to change (No in Step S7), the user of the image acquisition
apparatus 1 manipulates the input device 50 to rewrite the
parameter file F1 (in Step S8). Specifically, the user changes
the first allowable range R1 and the second allowable range
R2 in the parameter file F1 so that the category of the object
930 is appropriately changed. For example, the user slides
any pointer in the parameter setting part A4 within the image
processing window 41 to change the upper limit or the lower
limit of the second allowable range R2.

Thereafter, the procedure returns to Step S4, and the pro-
cesses in Steps S4 to S7 are executed again. In Step S4, the
adoption/non-adoption processing part 64 performs the adop-
tion/non-adoption process on the plurality of objects 930,
based on the first allowable range R1 and the second allow-
able range R2 which are changed. In Step S7, the user of the
image acquisition apparatus 1 judges whether the new result
of the adoption/non-adoption process is proper or not, while
referencing the image display region A3.

As described above, the image acquisition apparatus 1
according to the present embodiment is capable of individu-
ally and independently switching between highlighting and
unhighlighting of the objects determined as “adopted”, “not
adopted” and “excluded from adoption/non-adoption”. This
allows the user of the image acquisition apparatus 1 to visu-
ally judge whether the result of the adoption/non-adoption
process is proper or not easily while performing switching
between these displays.

<3. Modifications>

While the one embodiment according to the present inven-
tion has been described hereinabove, the present invention is
not limited to the aforementioned embodiment.

Although the three toggle buttons T1 to T3 are toggled on
and off in the aforementioned embodiment, other on/off
selectable buttons such a check box and a radio button may be
used in place of the toggle buttons.

The select all button B3 and the clear all button B4 are
separate buttons in the aforementioned embodiment. How-
ever, the function of the select all button B3 and the function
of the clear all button B4 may be implemented by a single
toggle button. For example, the toggle button may be config-
ured to highlight all of the objects displayed in the image
display region A3 when the toggle button is on and to clear the
highlighting of all of the objects displayed in the image dis-
play region A3 when the toggle button is off.

Although the objects 930 are highlighted with the colored
outlines in the aforementioned embodiment, other display
forms may be used to highlight the objects 930. For example,
each object 930 may be highlighted by coloring the outline of
the object and the entire inside of the outline.

For highlighting, the colors of the outlines of the objects
930 determined as “adopted”, “not adopted” and “excluded
from adoption/non-adoption” may be made different from
each other. For highlighting of two or more categories, as
shown in FIGS. 5 to 8 or FIG. 13, this allows discrimination
between the highlighted objects 930 on a category-by-cat-
egory basis. Also, the colors of the outlines of the objects 930
in the same category may be made different in accordance
with the measurement values of the parameters.

The number of wells 91 included in the well plate 9 may be
different from that shown in the example of FIG. 1. The shape
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of the wells 91 may be circular as seen in top plan view as
shown in FIG. 1, and may be other shapes such as a rectan-
gular shape.

The image processing window 41 appearing on the display
device 40 may be displayed in a different manner, so long as
equivalent information is displayed thereon. In the aforemen-
tioned embodiment, the objects are classified into the three
categories: “adopted”, “not adopted” and “excluded from
adoption/non-adoption”. However, the categories into which
the classification is performed by the adoption/non-adoption
process may be only two categories: “adopted” and “not
adopted”. Also, other categories into which the classification
is performed may be prepared in addition to “adopted”, “not
adopted” and “excluded from adoption/non-adoption”.

The components described in the aforementioned embodi-
ment and in the various modifications may be consistently
combined together, as appropriate.

While the invention has been described in detail, the fore-
going description is in all aspects illustrative and not restric-
tive. It is understood that numerous other modifications and
variations can be devised without departing from the scope of
the invention.

What is claimed is:

1. An apparatus for physics and chemistry which processes
an image obtained by photographing cells, comprising:

an extraction part for extracting a plurality of objects from

said image;

an adoption/non-adoption processing part for classifying

said objects as adopted, as not adopted or as a third
category in accordance with a predetermined condition;
and

a display part for displaying a result of said adoption/non-

adoption process,

said display part including

a first switching part for switching between highlighting

and unhighlighting of an object determined as adopted
in said image,

asecond switching part for switching between highlighting

and unhighlighting of an object determined as not
adopted in said image, and

a third switching part for switching between highlighting

and unhighlighting of an object determined as the third
category in said image,

said first switching part, said second switching part and

said third switching part are configured for switching
between highlighting and unhighlighting of objects
independently of each other.

2. The apparatus for physics and chemistry according to
claim 1,

wherein said highlighting is outline highlighting such that

aclosed curve along the outline of an object is displayed
so as to be superimposed on said object.

3. The apparatus for physics and chemistry according to
claim 1,
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wherein said display part further includes

a select all part for highlighting all objects in said image.

4. The apparatus for physics and chemistry according to
claim 1,

wherein said display part further includes

a clear all part for clearing the highlighting of all objects in
said image.

5. The apparatus for physics and chemistry according to

claim 1,

wherein said image is an image of each well of a specimen
container having a plurality of wells.

6. The apparatus for physics and chemistry according to

claim 1,

wherein said image is an image of a cell clump that is a
group of three-dimensionally aggregated cells.

7. An image processing method for processing an image
obtained by photographing cells, said method comprising the
steps of:

a) extracting a plurality of objects from said image;

b) classitying said objects as adopted, as not adopted or as
a third category in accordance with a predetermined
condition; and

¢) displaying a result of said adoption/non-adoption pro-
cess, and

d) further comprising the steps of: switching between high-
lighting and unhighlighting of an object determined as
adopted, switching between highlighting and unhigh-
lighting of an object determined as not adopted and
switching between highlighting and unhighlighting of
an object determined as the third category, said switch-
ing steps being performed independently of each other
by manipulation of an on/off selectable button in said
step c).

8. The image processing method according to claim 7,

wherein said highlighting is outline highlighting such that
aclosed curve along the outline of an object is displayed
so as to be superimposed on said object.

9. The image processing method according to claim 7,

wherein all objects in said image are highlighted by
manipulating a select all button different from said
on/off selectable button in said step c).

10. The image processing method according to claim 7,

wherein the highlighting of all objects in said image is
cleared by manipulating a clear all button different from
said on/off selectable button in said step c).

11. The image processing method according to claim 7,

wherein said image is an image of each well of a specimen
container having a plurality of wells.

12. The image processing method according to claim 7,

wherein said image is an image of a cell clump that is a
group of three-dimensionally aggregated cells.
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